Introduction {#Sec1}
============

In recent years, toxic metals have become a great concern for human, animal and environmental welfare due to the pollution arising from increased intensity of industrial, commercial, mining and agriculture production. Levels of heavy metals have been increased in the environment because of these anthropogenic activities (Markowski et al. [@CR32]).

The toxic metals most commonly associated with poisoning of humans and animals are arsenic (As), cadmium (Cd), lead (Pb) and mercury (Hg). Toxic metal poisoning may occur from industrial exposure, water or atmosphere pollution, food sources, medicines, improperly coated food containers or the ingestion of Pb-based paints.

Accumulation of toxic metals in feedstuffs destined for human or livestock animal consumption can be easily checked and monitored whereas the diet of wild animals is almost impossible to regulate. Heavy metals have been shown to accumulate in kidney, liver, blood, feathers, eggs and bones (Burger and Gochfeld [@CR9]; Fasola et al. [@CR20]; Mateo and Guitart [@CR34]; Deng et al. [@CR15]; Jayakumar and Muralidharan [@CR24]; Farahani et al. [@CR19]; Kitowski et al. [@CR26]; Zarrintab and Mirzaei [@CR58]).

Due to the accumulation property of toxic metals in wild birds' tissues, they can be used as bio-indicators for environmental contamination. Bird's feathers have been used in previous studies and have been shown to be appropriate bio-indicators of metal pollution. Feathers of predatory birds have proved to be good indicators of the status of environmental heavy metal pollution (Carneiro et al. [@CR13]) because they occupy higher trophic levels within an ecosystem, are long-lived, sensitive to atmospheric environmental changes and reveal compounds which bio-accumulate in prey such as methylmercury (Monteiro and Furness [@CR35]; Burger [@CR8]). Furthermore, they are easy to sample from live, dead or museum specimens and can be easily removed from live birds without causing damage and give a chance to examine also endangered species. Besides, the storage of feathers is easy because they do not need to keep in refrigerator and can be collected more times from the same bird and over large geographical area (Walsh [@CR52]; Burger [@CR6], [@CR7]; Movalli [@CR37], Abdullah et al. [@CR1]; Ansara-Ross et al. [@CR3]; Kim and Oh [@CR25]; Rubio et al. [@CR45]).

Collecting feather samples is a non-invasive way to collect tissue samples from birds. It had been found to be representative of toxic metal burden in the body, since the feathers being moulted yearly, it allows these samples to represent the exposure of these birds in the previous year, and this can provide a useful and non-destructive tissue. For example, in the case of Hg, birds excrete substantial level of different metals in the feathers, where the rate is nearly constant for Hg, and relatively high for certain metals (Burger [@CR6]; Burger and Gochfeld [@CR10]).

Moreover, a strong correlation had been determined between levels of Hg in the diet and the feathers of birds, which provides another advantage for collecting data with the analysis of feathers for estimating the contamination of the birds (Monteiro et al. [@CR36]).

The aim of this study was to measure and evaluate the As, Cd, Pb and Hg concentration in Long-eared owl (*Asio otus*), Barn owl (*Tyto alba*), Tawny owl (*Strix aluco*), Little owl (*Athene noctua*), Buzzards (*Buteo buteo*), Common kestrels (*Falco tinnunculus*) and Eurasian sparrow-hawks (*Accipiter nisus*), collected from around Hungary. For this, feather samples were taken from them and their heavy metal contents were detected by inductively coupled plasma optical emission spectrometry.

Materials and methods {#Sec2}
=====================

Feathers {#Sec3}
--------

The samples were collected in the Hortobágyi Madárpark (Bird Hospital Foundation), Hortobágy, Hungary, where the birds arrived mostly for medical treatment from the eastern and north-eastern region of Hungary (Fig. [1](#Fig1){ref-type="fig"}). The examined region is geographically varied (from mountainous with woody habitats to steppe with sand-hills and rivers). Agricultural areas and possible environmental polluting factories, such as oil refinery, drug company, fertilizer warehouse, chemical and incineration plant, can be found in the area with 100 km distance.Fig. 1Founding location of bird species (by Adrienn Grúz)

Different data were noted during the collection as follows: time and location of finding, gender, and birds' age. Determination of the age was carried out by the colour of their plumage and the size of the bird, and for example in the case of the buzzards, the colour of their eyes is different in the first 2 years (in the first year is livid, in the second year is yellow and from the third year is brown).

A mixed sample of primaries, secondaries and coverts were collected by plucking, from predatory birds including 41 Owls---Long-eared owl (28; 9 juveniles and 14 adults, 5 without age), Barn owl (2; 2 juveniles), Tawny owl (2, 2 adults), Little owls (8 juveniles and 1 adult), 40 Buzzard (18 juveniles and 18 adults, 4 without age), 18 Common kestrels (7 juveniles, 10 adults, 1 without age) and 24 Eurasian sparrow-hawks (9 juveniles, 13 adults and 2 without age).

All the collected samples were stored at a dry, well-ventilated place till the analysis.

Analytical method {#Sec4}
-----------------

Before the analytical procedure to remove adherent exogenous contamination, the feathers were washed with de-ionized water and acetone. Half gram from each sample was weighed individually into a CEM MARS6 MARSXPreSS teflon vessel for digestion. Then, samples were decomposed by 5 mL nitric acid (69 m/m%) and 5 mL hydrogen peroxide (30% m/m%) by microwave digestion system (Ramp: 35 min; Temperature: 200 °C; hold: 50 min; E: 1700 W).

The sample was filled up with ultrapure water to 25 mL and analysed by inductively coupled plasma optical emission spectrometry (ICP-OES) after a double dilution by de-ionized water using 1-mg/L Y solution as internal standard and 0.25 mg/L Au for the stabilization of Hg content. Blank and the quality control (QC) samples were prepared by the same method. Internal quality control of the measurements was carried out via measuring QC samples of known heavy metal concentration at least 10 times (NIST 1577C-standard bovine liver). After discarding the extremes, the standard deviation of data (SD) was established, which must has remained within the ± 15% of the nominal concentration value in order to accept the QC measurement. Every samples, calibration and blank solutions were analysed by three replicates.

Determination of toxic metals was carried out by a Perkin Elmer Optima 8300 DV ICP-OES instrument. Calibration range was between 0 and 200 mg/kg. The detection limits were the followings: As, Hg: 0.20 mg/kg, Cd: 0.02 mg/kg, Pb: 0.10 mg/kg.

The validation of the method was performed as described by Grúz et al. ([@CR21]).

Statistical analysis {#Sec5}
--------------------

Statistical analysis was used to evaluate the results and was looked to answer some key questions regarding the toxic metal burden accumulating in predatory birds based on comparisons of (1) difference between male and female birds, (2) difference between adult and juvenile birds and (3) correlation between the four heavy metals that have been tested.

The statistical analysis of the data was performed using the Software: R version 3.4.2. Wilcoxon rank-sum test was used to compare distributions. Comparisons between age and gender were performed independently. Individuals with unknown age or gender were excluded from the analysis. All data were included in the calculation of correlation between the toxic metals, age and gender. Because data were not normally distributed and in few cases the concentration of the metals was under the detection limit, Spearman rank correlation was calculated and tested. *P* value \< 0.05 was significant. The average and standard deviation for both sexes and age groups have been calculated separately using Microsoft Excel.

Results {#Sec6}
=======

The average concentrations of the tested heavy metals for Owls, Buzzards, Common kestrels and Eurasian sparrow-hawks are presented in Table [1](#Tab1){ref-type="table"}.Table 1Toxic metal concentration of the predatory birds (mean ± SD, mg/kg)Species*n*ArsenicCadmiumMercuryLeadOwl species  Males170.32 ± 0.380.08 ± 0.040.68 ± 0.312.25 ± 0.80  Females190.40 ± 0.170.08 ± 0.050.52 ± 0.352.12 ± 1.74  Adult170.36 ± 0.250.09 ± 0.050.58 ± 0.342.10 ± 1.36  Juvenile190.46 ± 0.390.12 ± 0.210.60 ± 0.272.39 ± 1.77  All birds410.40 ± 0.300.10 ± 0.140.58 ± 0.312.30 ± 1.52Buzzard  Males180.33 ± 0.170.08 ± 0.030.63 ± 0.270.83 ± 0.53  Females170.32 ± 0.140.09 ± 0.030.67 ± 0.431.67 ± 2.01  Adult180.40 ± 0.280.09 ± 0.030.69 ± 0.341.16 ± 0.59  Juvenile180.28 ± 0.130.78 ± 0.040.63 ± 0.361.20 ± 1.99  All birds400.33 ± 0.170.09 ± 0.030.64 ± 0.351.15 ± 1.40Common kestrel  Males80.20 ± 0.000.13 ± 0.100.64 ± 0.372.02 ± 1.30  Females90.36 ± 0.320.25 ± 0.200.56 ± 0.372.50 ± 1.81  Adult100.30 ± 0.300.21 ± 0.190.46 ± 0.291.85 ± 1.24  Juvenile70.30 ± 0.160.20 ± 0.180.75 ± 0.362.48 ± 2.02  All birds180.29 ± 0.240.20 ± 0.180.59 ± 0.362.10 ± 1.57Eurasian sparrow-hawk  Males110.25 ± 0.120.12 ± 0.112.09 ± 1.392.19 ± 1.10  Females110.40 ± 0.210.10 ± 0.052.44 ± 1.101.69 ± 0.52  Adult130.37 ± 0.210.12 ± 0.102.29 ± 1.212.06 ± 1.06  Juvenile90.27 ± 0.120.09 ± 0.062.30 ± 1.311.70 ± 0.64  All birds240.32 ± 0.180.11 ± 0.092.19 ± 1.261.84 ± 0.92*n* number of sample

Using the Wilcoxon rank sum test, there were no significant differences between age or gender for any of the tested metals in all investigated bird species.

The results regarding the correlation of toxic metal concentration in the predatory bird's feathers studied had some positive correlations (Table [2](#Tab2){ref-type="table"}).Table 2Results of Spearman's rank correlation (rho, *p* value)SpeciesMetalsρ(rho)*p* valueOwl speciesAs-Cd0.430.01As-Hg0.020.88As-Pb− 0.22680.16Cd-Hg0.180.25Cd-Pb0.380.02Hg-Pb0.130.42BuzzardAs-Cd0.020.90As-Hg0.210.19As-Pb0.200.21Cd-Hg0.140.38Cd-Pb0.510.00Hg-Pb0.060.73Common kestrelAs-Cd− 0.110.67As-Hg− 0.320.20As-Pb0.170.51Cd-Hg− 0.140.57Cd-Pb− 0.250.31Hg-Pb0.220.39Eurasian sparrow-hawkAs-Cd0.170.44As-Hg− 0.170.44As-Pb0.020.94Cd-Hg0.020.91Cd-Pb0.490.01Hg-Pb0.390.06

In the Owls studied, Cd was significantly correlated with As (Fig. [2](#Fig2){ref-type="fig"}) and Pb (Fig. [3](#Fig3){ref-type="fig"}), the Spearman rank-correlation coefficient was 0.43 and 0.38, respectively; the connection was medium in both cases.Fig. 2Correlation of As and Cd in OwlsFig. 3Correlation of Cd and Pb in Owls

In the Buzzards studied, a significant correlation was found between Cd and Pb (Fig. [4](#Fig4){ref-type="fig"}). The Spearman rank coefficient was 0.51 and the connection was medium.Fig. 4Correlation of Cd and Pb in Buzzards

There was no significant correlation between any of the heavy metals examined in the case of common kestrels. In the Eurasian sparrow-hawks' samples analysed, Cd was significantly correlated with Pb (Fig. [5](#Fig5){ref-type="fig"}) having a Spearman rank-correlation coefficient of 0.49, the connection was medium. In the case of the Eurasian sparrow-hawks' samples between Hg and Pb, a medium correlation can be seen, but by the *p* value, this is not statistically significant, what can be caused by the small sample size. So, the understanding is that we do not have sufficient evidence to suggest that there is a correlation between these metals.Fig. 5Correlation of Cd and Pb in Sparrow-hawks

Discussion {#Sec7}
==========

The possibility of biomagnification of toxic metals in the food chain is getting well-known nowadays, because before it was only known for persistent pesticides (Laskowski [@CR27]). Birds, especially raptor species are on the top of the food chain and their territorial and non-migratory behaviour also contribute to the accumulation of toxic metals with a higher concentration, in their body (tissues, bones, and feathers) and eggs. Thus, it makes them a good bio-indicator for detecting the environmental burden of heavy metals (Wayland and Bollinger [@CR53]; Zaccaroni et al. [@CR57]).

The individual samples that had increased concentrations of toxic metals may have come from the diet of the bird, not because of external contamination of the feather, since the first step of the analytical procedure is to wash the external contamination.

As can be found in the environment as organic and inorganic forms and induces anaemia, liver damage, cancer and weight loss (Webb [@CR54]; Nemery [@CR39]; Abernathy et al. [@CR2]; Duker et al. [@CR16]).

As can accumulate in the body of animals through the contaminated drinking water or food (Mandal [@CR31]).

The highest concentration of As in the four species groups studied was 0.40 ± 0.30 mg/kg in Owls, which is significantly lower than the concentration of 5 mg/kg found in the USA in an area of possible As pollution (Wiemeyer et al. [@CR55]). There are few relatable studies that use feathers to analyse the quantity of As which makes it difficult in establishing whether the concentration of As recorded in this study is significant or not (Burger et al. [@CR12]). Nighat et al. ([@CR40]) measured 1.06--6.44 mg/kg As concentration in four species from Strigidae family. In another study, 0.12 and 0.44 mg/kg As was measured in calamuses and vanes of cinereous vulture (*Aegypius monachus L.*), which is also considered to be very low level like in our study (Yamac et al. [@CR56]).

Cd is categorized as one of the most dangerous elements with long persistence in the environment and high toxicity (Battaglia et al. [@CR5]) and affects the endocrine system, kidneys, reproduction, moulting, haemoglobin formation and growth (Nordberg [@CR41]; Cheney et al. [@CR14]; Eisler [@CR17]; Stoica et al. [@CR50]; Hui [@CR22]). Birds can uptake Cd through terrestrial food, e.g. when the Cd is present in the soil (and air), it can deposit in plants, eaten by different animals and when the meat of these animals are eaten by the raptor species (Van Assche [@CR51]). It can be a risk for secondary poisoning, depending on the concentration of the Cd. The threshold value for Cd in birds is accepted as 3 mg/kg in liver (Scheuhammer [@CR46]; Nighat et al. [@CR40]) that suggests an increased environmental level, but our concentrations measured are much lower than this value at 0.10 ± 0.14 mg/kg in Owls, 0.09 ± 0.03 mg/kg in Buzzards, 0.20 ± 0.18 mg/kg in the Common kestrels and 0.11 ± 0.09 mg/kg in Eurasian sparrow-hawks. Yamac et al. ([@CR56]) measured 0.25 ± 1.59 mg/kg Cd in the calamus, and a higher level in the vane 0.33 ± 0.16 mg/kg) of the feather of cinereous vulture. Besides these data, Cd concentrations up to 1.6 mg/kg in raptor bird feathers were measured in an area considered as unpolluted by Lodenius and Solonen ([@CR30]). According to data from other studies analysing heavy metals in birds of prey (Naccari et al. [@CR38]), adverse effects have been found at lower levels ranging from 0.1 to 2 mg/kg (Burger [@CR6]), such as reduced growth rates (Spahn and Sherry [@CR49]). So, it can be possible that the sampled birds in this study are experiencing mild adverse effects because of the Cd burden in the environment, even if the area is not heavily polluted.

Anthropogenic sources of Hg are from the burning of fossil fuels, production of steel and phosphate and mining for gold. Animals can take it up by plants grown on contaminated soils or feeding from poisoned meat. Since Hg can accumulate faster in the body tissues than excrete, and also it has a property of biomagnification, it can cause a higher concentration in the body of animals on higher trophic levels (NRC [@CR42]).

The threshold for toxicity of Hg in bird species is highly variable amongst difference species. Sublethal levels from 2.40 mg/kg have been shown to cause impairments in the reproductive processes (Scheuhammer et al. [@CR47]; Jackson et al. [@CR23]). Mashroofeh et al. ([@CR33]) compared the Hg concentration in bird feathers from five different trophic levels, and their results show that the carnivore bird feathers (Hen harrier (*Circus cyaneus*): 0.80 ± 0.15 mg/kg; Marsh harrier (*C. aeruginosus*): 1.10 ± 0.20 mg/kg) accumulate more Hg, than piscivore, benthivore, omnivore or herbivore. Roque et al. ([@CR44]) reported 1.4 mg/kg Hg in the primary feathers of Barn Owls. It can be explained by the position of the birds in the food chain and their diet. Similarly to our results, Solonen and Lodenius ([@CR48]) measured higher Hg concentration in the feather of bird-eater sparrow-hawk, than in mostly rodent-eater species, e.g. owls.

Our values recorded are much lower at 0.58 ± 0.31 mg/kg in Owls, 0.64 ± 0.35 mg/kg in Buzzards and 0.59 ± 0.36 mg/kg in the Common kestrels. But the highest concentration of Hg was recorded in the sample of Eurasian sparrow-hawks, the average was 2.19 ± 1.25 mg/kg. This result is similar to our previous findings (Grúz et al. [@CR21]), where the Hg concentration in Sparrow-hawk feathers was 2.72 mg/kg and it was much higher, compared to the other species, what we examined. In our recent study, the highest individual concentration was 5.43 mg/kg which is a level that could be considered to impact on the reproductive performance of that individual. Hg accumulates in the higher trophic levels of the food chain and the Eurasian sparrow-hawk' diet may explain the higher concentrations recorded compared to the three other species groups studied.

Adverse effects of Pb concentration can be observed above 4 mg/kg (Burger and Gochfeld [@CR10]) and the considered threshold level for Pb is 2 mg/kg in liver (Pain et al. [@CR43]). Analysing the different parts of the feather of cinereous vulture, Yamac et al. ([@CR56]) measured 0.65 mg/kg Pb in the calamus, and 5.47 mg/kg Pb in the vane. The average value that was recorded in our study was between 1.15 and 2.3 mg/kg which is low enough that adverse effects should not be observed in these birds. Although there were 5 Owls, 1 Buzzard, 3 Common kestrels and 1 Eurasian sparrow-hawk sample over the threshold value which could be arising from their food as a cause of secondary poisoning or other common sources of Pb. Major sources of Pb for animals are foodstuffs from contaminated soil. Since plants do not take up Pb easily, mostly they are contaminated exogenously. Furthermore, pollution can come from anthropogenic sources, e.g. from smelters and chemical plants; however, the biomagnification does not typically occur in the higher trophic levels, and a high level of Pb in organisms is associated with proximity to contaminated sites.

Another cause can be the secondary poisoning that occurs when raptors eat birds or other animals what are weak because of poisoning or feeding from Pb poisoned carcasses (Lee [@CR28]; Legagneux et al. [@CR29]).

There was no significant difference in the concentration of the toxic metals due to gender in the four species groups that have been analysed in our study. Several other studies that have found gender difference have also concluded that there is little difference in the concentration of heavy metals between the males and the females (Esselink et al. [@CR18]; Movalli [@CR37]; Zaccaroni et al. [@CR57]) and any difference found was attributed to physiological and ecological differences. Lower levels of metals in female buzzards have been found (Naccari et al. [@CR38]) that they refer to the excretion of heavy metals in the eggs of those birds, but we found no such difference in this study.

Burger et al. ([@CR11]) examined breast feathers of Common terns (*Sterna hirundo*) and found no age-related difference in the concentration of Hg, Pb and Cd which supports the results that have been showed in the study relating to the comparison of age groups.

Similarly, no correlation was found between adults and juveniles of investigated bird species in our study. It would be expected that the concentration of heavy metals would increase with age as juvenile birds would have had less exposure time to pollution of the environment but the older birds have also had seasons to excrete heavy metals during their moulting of feathers (Burger [@CR6]).

Regarding the correlation of toxic metals at our investigated area, significant correlation was recorded in the Owls, Buzzards and Eurasian sparrow-hawks between the concentration of Cd and Pb, and in the Owls between As and Cd. Similar results were reported in the case of significant correlation between Cd and Pb concentration in feathers by Zarrintab et al. ([@CR59]) and in the calamus by Yamac et al. ([@CR56]) and between As and Cd concentration in the vane (Yamac et al. [@CR56]). It can be explained with the region from which the birds inhabited where both agricultural and industrial area can be found. For example, Pb is especially associated with Pb ammunition using during hunting and as it was only banned in 2005, it is very possible that still there is Pb ammunition in the environment of these birds. It would be expected that the levels of Pb and Cd are in decline as their use in anthropogenic source such as Cd batteries and leaded fuels have also declined (ATSDR [@CR4]). Sparse literature is available on the study of metals in birds within the sampled region, from which trends over time in the concentration of the toxic metals could be observed.

Conclusions {#Sec8}
===========

Even though there was no correlation between the ages and the sexes, it can be said that bird feather testing is a useful method for monitoring the presence of toxic metals which can be found in the environment and can be accumulated in birds. As it can be seen by our data and based on other studies, the concentration of these toxic metals measured in the feathers stays below the level that can cause adverse or toxicological effects in birds.
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